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PREFACE 
The work of  t h e  Reg iona l  Development Task a t  t h e  I n t e r n a -  
t i o n a l  I n s t i t u t e  f o r  Appl ied  Systems A n a l y s i s  (IIASA) f o c u s e s  
on problems o f  medium- and long- term r e g i o n a l  development .  I n  
t h i s  c o n t e x t  t h e  r e s t r u c t u r i n g  o f  s e t t l e m e n t  ne tworks  forms a n  
i m p o r t a n t  p a r t  o f  t h e  development  of r e g i o n s .  A c r i t i c a l  a s p e c t  
o f  t h i s  r e s t r u c t u r i n g  i s  t h e  development  o f  s e r v i c e  c e n t e r s .  
T h i s  p a p e r  p r e s e n t s  a  dynamic s i m u l a t i o n  model f o r  develop-  
i n g  s e r v i c e  c e n t e r s  i n  a  r u r a l  s e t t l e m e n t  ne twork,  t o g e t h e r  w i t h  
t h e  r s s u l t s  o b t a i n e d  from r u n n i n g  t h e  model. These r e s u l t s  a r e  
i n t e r p r e t e d  i n  t e rms  o f  human s e t t l e m e n t  t h e o r i e s .  
The p a p e r  h a s  been p r e p a r e d  i n  c o l l a b o r a t i o n  w i t h  t h e  
System and D e c i s i o n  S c i e n c e s  A r e a  a t  IIASA. 
A SIMULATION MODEL FOR DEVELOPING SERVICE 
CENTERS I N  A RURAL SETTLEMENT NETWORK 
Ryszard Domanski and Andrzej  P.  Wierzb ick i  
INTRODUCTI 
Rura l  s e t t l e m e n t  p a t t e r n s  i n  European c o u n t r i e s  a s  w e l l  a s  
i n  o t h e r  p a r t s  o f  t h e  world a r e  c h a r a c t e r i z e d  by g r e a t  d i s p e r s i o n .  
Such p a t t e r n s  i n d i c a t e  t h a t  many sma l l  s e t t l e m e n t  u n i t s  such a s  
v i l l a g e s ,  hamle t s t and  s i n g l e  farms e x i s t .  The m a j o r i t y  of  t h e s e  
sma l l  u n i t s  a r e  poo r ly  s u p p l i e d  w i t h  bo th  t e c h n i c a l  and s o c i a l  
s e r v i c e s ,  and t h e i r  low economic e f f i c i e n c y ,  r e l a t e d  t o  t h e  
sma l l  s c a l e  o f  t h e  f a c i l i t i e s  needed,  is  an  o b s t a c l e  t o  improving 
s e r v i c e  p r o v i s i o n .  
I n  t u r n ,  t h e  poor  supp ly  o f  s e r v i c e s  r e t a r d s  t h e  development 
o f  a g r i c u l t u r a l  p roduc t i on  and h i n d e r s  t h e  r a i s i n g  o f  l i v i n g  
s t a n d a r d s  f o r  t h e  r u r a l  p o p u l a t i o n .  I t  i s ,  t h e r e f o r e ,  a  s u b j e c t  
of  deep concern  t o  r u r a l  p l a n n e r s  and p o l i c y  makers. 
S e t t l e m e n t  p a t t e r n s  i n  r u r a l  a r e a s  are shaped by v a r i o u s  
f o r c e s .  Some (e .9 .  i n t r a f a r m  l o c a t i o n  f a c t o r s )  encourage d i s -  
p e r s i o n  w i t h i n  t h e  p a t t e r n ,  o t h e r s  (e .g .  i n f r a s t r u c t u r e ,  marke t )  
s t i m u l a t e  i t s  c o n c e n t r a t i o n .  I n  r e c e n t  y e a r s ,  t h e  c o n c e n t r a t i n g  
f o r c e s  have g e n e r a l l y  been s t r o n g e r .  
T h e i r  i n f l u e n c e  h a s  l e d  t o  a  r e s t r u c t u r i n g  o f  s e t t l e m e n t  
ne tworks .  Some v i l l a g e s  a r e  c o n t i n u o u s l y  i n c r e a s i n g ,  undergoing 
i n d u s t r i a l i z a t i o n  and u r b a n i z a t i o n ,  a s  well a s  e n j o y i n g  a  growing 
range  and l e v e l  o f  s e r v i c e s .  O t h e r s  s u f f e r  from c o n t i n u o u s  de- 
p o p u l a t i o n ,  d e c r e a s i n g  job o p p o r t u n i t i e s ,  and a  low l e v e l  of  
s e r v i c e s .  Over t i m e  t h e  l a t t e r  t y p e  o f  v i l l a g e  becomes i n c r e a s -  
i n g l y  u n s u i t e d  t o  modern l i f e .  
Some o f  t h e  p r o s p e r o u s  v i l l a g e s  become key v i l l a g e s  and g a i n  
new f u n c t i o n s .  They t a k e  on t h e  r o l e  o f  s e r v i c e  c e n t e r s  w i t h  
f a c i l i t i e s  s e r v i n g  n o t  o n l y  t h e i r  own p o p u l a t i o n  b u t  a l s o  t h e  
p o p u l a t i o n  o f  s u r r o u n d i n g  a r e a s .  A g r i c u l t u r e  i s  u s u a l l y  more 
i n t e n s i v e  i n  s u c h  v i l l a g e s ;  thus ,  t h e  development  of t h e  food- 
p r o c e s s i n g  i n d u s t r y  i s  s t i m u l a t e d .  
T h i s  n a t u r a l  p r o c e s s  i s  d i r e c t l y  encouraged  i n  many c o u n t r i e s  
th rough  t h e  socio-economic p o l i c i e s  pursued .  I n  s u c h  c a s e s ,  t h e  
development o f  v i l l a g e s  i s  c o n s i d e r e d  a s  a  means o f  improving 
t h e  s a t i s f a c t i o n  o f  human needs  and o f  i n c r e a s i n g  t h e  e f f i c i e n c y  
o f  i n v e s t m e n t s  and economic a c t i v i t i e s .  
I n  o r d e r  t o  be e f f e c t i v e ,  p o l i c i e s  f o r  r e s t r u c t u r i n g  se t t l e -  
ment ne tworks  i n  r u r a l  a r e a s  s h o u l d  be  based  on a n  u n d e r s t a n d i n g  
o f  t h e  u n d e r l y i n g  socio-economic p r o c e s s e s .  Models o f  t h e s e  
p r o c e s s e s  c a n  be  used t o  produce  a  set of development  p r o j e c -  
t i o n s  under  v a r i o u s  a s s u m p t i o n s , r e g a r d i n g  r e s o u r c e s , a n d  con- 
s t r a i n t s .  Thus, t h e y  e n a b l e  p o l i c y  makers t o  t r a c e ,  e v a l u a t e ,  
and make r e a s o n a b l e  c h o i c e s  between v a r i o u s  p o s s i b l e  p a t h s  o f  
growth.  
THE SIMULATION MODEL 
I n  t h i s  s e c t i o n  a  model f o r  d e v e l o p i n g  s e r v i c e  c e n t e r s  i n  a  
r u r a l  s e t t l e m e n t  network is p r e s e n t e d .  Through t h e  development  
of  s e r v i c e  c e n t e r s ,  a  r e s t r u c t u r i n g  of  t h e  network o c c u r s .  R e -  
s t r u c t u r i n g  i s  used  i n  t h e  s e n s e  o f  changes  made t o  t h e  l o c a t i o n a l  
and h i e r a r c h i c a l  p a t t e r n  of  t h e  s e t t l e m e n t  network t h a t  o c c u r  a s  a  
r e s u l t  of  t h e  growth of some e l e m e n t s  of t h e  ne twork,  t h e  s h r i n k i n g  
of  o t h e r s ,  and the s h i f t i n g  of  . e l ements  between t h e  h i e r a r c h i c a l  
l e v e l s .  T h i s  a l s o  i m p l i e s  t h a t  t h e r e  w i l l  be changes  i n  t h e  p a t -  
t e r n  of  mutua l  i n t e r a c t i o n  between e l e m e n t s .  
I n  g e n e r a l ,  t h e  r e s t r u c t u r i n g  p r o c e s s  r e s u l t s  i n  t h e  emer- 
gence o f  key v i l l a g e s ;  t h e  d e c l i n e  o f  s m a l l  towns,  v i l l a g e s ,  and 
hamle t s ;  and t h e  growth o f  r e g i o n a l  urban c e n t e r s .  S i n c e  key 
v i l l a g e s  a r e  t h e  s e t t l e m e n t  u n i t s  t h a t ,  r u r a l  p l a n n e r s  hope,  w i l l  
h e l p  t o  r a t i o n a l i z e  t h e  whole r u r a l  s e t t l e m e n t  p a t t e r n ,  most 
a t t e n t i o n  i s  g i v e n  t o  t h e  emergence o f  t h i s  t y p e  o f  v i l l a g e .  
S t r u c t u r a l  changes ,  because  o f  t h e i r  c o m p l e x i t y ,  a r e  
ex t remely  d i f f i c u l t  t o  model. The d i f f i c u l t i e s  may be  overcome 
by t h e  a p p l i c a t i o n  o f  t h e  r e l e v a n t  t h e o r y  and methodology. Among 
t h e  t h e o r i e s  t h a t  may be  a p p l i e d ,  P r i g o g i n e ' s  t h e o r y  o f  s e l f -  
o r g a n i z a t i o n  i n  n o n e q u i l i b r i u m  sys tems ( N i c o l i s  and P r i g o g i n e  
1977) seems t o  be p a r t i c u l a r l y  p romis ing .  I t  h a s  been a l r e a d y  
s u c c e s s f u l l y  a p p l i e d  i n  economic geography by A l l e n  and S a n g l i e r  
( 1 9 7 9 ) ,  who have e l a b o r a t e d  a  dynamic model o f  growth i n  urban 
sys tems .  
I n  t h i s  p a p e r  t h e  c o n c e p t u a l  framework o f  A l l e n  and S a n g l i e r  
i s  used.  However t h e  model developed w i t h i n  t h i s  framework d i f f e r s  
from t h a t  of  A l l e n  and S a n g l i e r .  The model framework s p e c i f i e d  
i n  Domanski (1980) w i l l  be  b r i e f l y  r e f e r r e d  t o ,  s i n c e  a new v e r s i o n  
o f  t h e  model d e s c r i b e d  t h e r e  i s  p r e s e n t e d  i n  t h i s  p a p e r .  
The i n i t i a l  s t a t e  o f  t h e  s e t t l e m e n t  network changes  a s  a  
r e s u l t  o f  two f a c t o r s :  t h e  i n t r o d u c t i o n  o f  a  new economic 
a c t i v i t y  i n  a  s e t t l e m e n t  u n i t ,  and t h e  i n t e r a c t i o n  between t h e  
s e t t l e m e n t  u n i t s  w i t h i n  t h e  network.  
I t  i s  assumed t h a t  the e v o l u t i o n  o f  the s e t t l e m e n t  network 
r e s u l t s  from t h e  mutua l  i n t e r a c t i o n  o f  t h e  s p a t i a l  d i s t r i b u t i o n  
o f  economic a c t i v i t i e s  and t h e  p o p u l a t i o n .  The d i s t r i b u t i o n  o f  
economic a c t i v i t i e s  c a n  be r e f l e c t e d  by t h e  d i s t r i b u t i o n  o f  
employment. Thus, i n  t h e  model,  employment may be s u b s t i t u t e d  
f o r  economic a c t i v i t i e s  and it may be r e l a t e d  t o  p o p u l a t i o n .  
An i n c r e a s e  i n  employment is  fo l lowed  by a n  i n c r e a s e  i n  popu- 
l a t i o n .  T h i s ,  i n  t u r n ,  c r e a t e s  new r e s o u r c e s  o f  l a b o r ,  new m a r k e t s ,  
and new employment o p p o r t u n i t i e s .  The impac t  o f  employment on t h e  
p o p u l a t i o n  opens up a  c y c l e  o f  mutual  i n t e r a c t i o n s .  
Mutual i n t e r a c t i o n  c r e a t e s  c o n d i t i o n s  i n  which s e l f - o r g a n i -  
z a t i o n  o f  t h e  sys tem can  o c c u r .  I t  may s t a r t  w i t h  s m a l l  changes  
i n  employment ( p o p u l a t i o n )  o c c u r r i n g  d u r i n g  s u c c e s s i v e  p e r i o d s  
of  t i m e .  These changes  a r e  t h e r e a f t e r  a m p l i f i e d  by t h e  i n t e r -  
a c t i o n  of t h e  e l e m e n t s  of  t h e  sys tem.  Through t h e  c u m u l a t i v e  
c a u s a t i o n  and a m p l i f i c a t i o n  mechanism, i n t e r a c t i o n  e v e n t u a l l y  
l e a d s  t o  a  q u a l i t a t i v e  change i n  t h e  macroscopic  s t r u c t u r e  of 
t h e  sys tem.  
The r u r a l  economy i s  d i s a g g r e g a t e d  i n t o  t h r e e  s e c t o r s :  a g r i -  
c u l t u r e ,  i n d u s t r y ,  and s e r v i c e s .  A g r i c u l t u r e  i s  t h e  b a s i c  a c t i v i t y  
of a  r u r a l  r e g i o n  i n c l u d e d  i n  e a c h  s e t t l e m e n t  b u t  i n  some s e t t l e m e n t s  
t h e  food-process ing  i n d u s t r y  i s  a l s o  i n c l u d e d .  Key v i l l a g e s  a r e  
d i s t i n g u i s h e d  from o t h e r  v i l l a g e s  and h a m l e t s  because  t h e y  i n c l u d e  
s e r v i c e  a c t i v i t i e s .  S e r v i c e s  can  have a  d u a l  f u n c t i o n .  They can 
be p rov ided  f o r  a g r i c u l t u r a l  p r o d u c t i o n  a s  w e l l  a s  f o r  t h e  r u r a l  
p o p u l a t i o n s .  
The model of  t h e  development  of s e r v i c e  p r o v i s i o n  i n  a  r u r a l  
r e g i o n  is  a  dynamic s i m u l a t i o n  model. There  i s  a  network of set- 
t l e m e n t s ,  w i t h  l o c a t i o n s  deno ted  by x  ( o r  ;; o r  y )  and t h e  
d i s t a n c e  d  between any two s e t t l e m e n t s  x , y  i s  g i v e n  ( F i g u r e  1 ) .  
XY 
P o p u l a t i o n ,  employment i n  i n t e n s i v e  a g r i c u l t u r e  and/or  i n d u s t r y ,  
a s  w e l l  a s  employment i n  s e r v i c e s  deve lop  o v e r  t ime .  T i m e  i s  
coun ted  by d i s c r e t e  p e r i o d s  t = 0 , 1 ,  ..., 30,  ..., 50. A t  e a c h  t i m e  
t ,  e v e r y  s e t t l e m e n t  i s  c h a r a c t e r i z e d  by t h e  f o l l o w i n g  v a r i a b l e s : *  
(*I P x , t  = p o p u l a t i o n  a t  l o c a t i o n  x and t i m e  t; 
( * )  E:,~ = employment i n  o c c u p a t i o n  v  a t  l o c a t i o n  x  
and t i m e  t ( ( * )  v  = 1 d e n o t e s  i n d u s t r y ,  
v  = 2 d e n o t e s  i n t e n s i v e a g r i c u l t u r e ) ;  
= employment i n  s e r v i c e  u  a t  l o c a t i o n  x 
and t i m e  t ( ( * )  u = 1 ,  ..., 5;  i . e  f i v e  
s e r v i c e s  a r e  c o n s i d e r e d  i n  t h e  m o d e l ) .  
t ( * )  i s  used i n  t h i s  paper  t o  d e n o t e  a  new v a r i a b l e  o r  p a r a -  
meter t h a t  i s  i n t r o d u c e d  and d e f i n e d .  
Figure  1 .  The network of  s e t t l e m e n t s .  
denotes  t h e  employment p o t e n t i a l  a t  l o c a t i o n  x and t i m e  t 
( i n t e r p r e t e d  a s  t h e  number of  people  employed i n  t r a d i t i o n a l  
a g r i c u l t u r e ) .  The model parameter ( * )  k i s  t h e  number of fami ly  
dependents p e r  employee and i s  assumed t o  be c o n s t a n t  f o r  t h e  
e n t i r e  network (k = 3  has been used i n  t h e  s i m u l a t i o n s ) .  
Moreover: 
denotes  t h e  t o t a l  employment i n  s e r v i c e s  a t  l o c a t i o n  x and t ime 
t. The e n t i r e  network i s  c h a r a c t e r i z e d  by t o t a l  v a r i a b l e s  a s  
given i n  equa t ions  (3 )  - ( 7 )  . 
i s  t h e  t o t a l  popula t ion  of  t h e  network a t  t i m e  t ,  while  X 
denotes  t h e  s e t  of a l l  s e t t l e m e n t s .  
i s  t h e  t o t a l  employment i n  o c c u p a t i o n  v a t  t i m e  t .  
is  t h e  t o t a l  employment i n  services u a t  t i m e  t .  
i s  t h e  t o t a l  employment i n  services a t  t i m e  t .  F i n a l l y :  
i s  t h e  t o t a l  p o t e n t i a l  f o r  employment a t  t i m e  t .  
The dynamic n a t u r e  o f  t h e  model r e s u l t s  f rom t h e  growth  
e q u a t i o n s :  
P x , t + l  = ( 1  + r ) P  X I  t x l o  i s  g i v e n ,  ( 8 )  + M X l t  ' P 
where 
( * )  r = t h e  p o p u l a t i o n  growth r a t e ,  which i s  a 
model p a r a m e t e r  assumed t o  b e  c o n s t a n t  
i n  t h e  ne twork  ( r  = 0 .0  1 h a s  been  u s e d  
i n  t h e  s i m u l a t i o n s )  ; 
* M x , t  = t h e  t o t a l  i m m i g r a t i o n  t o  l o c a t i o n  x a t  
t i m e  t ,  d e t e r m i n e d  by t h e  m i g r a t i o n  
mechan i sm,  e x p l a i n e d  below; 
* P x , ~  = t h e  i n i t i a l  p o p u l a t i o n ,  which  i s  a p a r a -  
meter o f  t h e  model ( se t  i n d e p e n d e n t l y  
f o r  e a c h  x ,  b u t  P x S 0  = 500 f o r  a l l  x 






Ex, t + l  - E x , t  x , t  I Ex, 0 i s  g iven ,  
where 
( * I  = t h e  i n c r e a s e  o f  employment i n  occupa t i on  
v a t  l o c a t i o n  x and t i m e  t ,  determined 
by t h e  occupational-employment mechanism 
e x p l a i n e d  below; 
(1) E z l 0  = i n i t i a l  employment i n  occupa t i on  v;  t h i s  
i s  a paramete r  o f  t h e  model (set  indepen- 
d e n t l y  f o r  e ach  x ,  b u t  E:,~ = 0 f o r  a l l  x 
has  been used i n  t h e  s i m u l a t i o n s )  . 
u - u u u 
Ex. t + l  - E x , t  + A x . t  i s  gene ra t ed ,  (10)  Ex1 tou 
where 
( * I  aU = t h e  i n c r e a s e  o f  employment i n  s e r v i c e  u 
x 1 t  
a t  l o c a t i o n  x and t i m e  t ,  de te rmined  by 
t h e  s e  zv ice-employment mechanism, which 
i s  one of  t h e  main f e a t u r e s  o f  t h e  model 
e x p l a i n e d  below; 
( * I  EU 
X, 
= t h e  i n i t i a l  employment i n  s e r v i c e  u ,  gen- 
e r a t e d  a t  t i m e  tou when a s e r v i c e  i s  i n t r o -  
duced i n  t h e  network by t h e  service-generation 
mechanism, which i s  a n o t h e r  main f e a t u r e  o f  
t h e  model e x p l a i n e d  below. 
The mig ra t i on  mechanism assumed i n  t h e  model i s  r e l a t i v e l y  
s imple .  No immigrat ion from o t h e r  r e g i o n s  i s  cons ide red ;  hence, 
t h e  network i s  c l o s e d .  F u l l  m o b i l i t y  w i t h i n  t h e  network i s  as -  
sumed and immigrat ion t o  a l o c a t i o n  x responds  immediately t o  
employment o p p o r t u n i t i e s  a t  t h i s  l o c a t i o n :  
2 
M x , t  = .( 1 A U  x f t  + v=l 1 A. X f t  - U E O  ) . 
u= 1 X f t  
Thus, immigra t ion  r e s u l t s  from new employees and t h e i r  dependents  
(employees m u l t i p l i e d  by k )  minus p o t e n t i a l  employees and depen- 
d e n t s  from t h e  poo l  E O e i t h e r  s t a y i n g  i n  t h e  same l o c a t i o n  o r  
X I t  
e m i g r a t i n g  t o  f i n d  employment i n  o t h e r  l o c a t i o n s ;  t h e  c o e f f i c i e n t  
u i s  chosen t o  s a t i s f y  t h e  c l o s e n e s s  c o n d i t i o n :  
which x e s u l t s  i n  
C l e a r l y ,  t h e  m i g r a t i o n  mechanism cou ld  be made more r e a l i s t i c  
by assuming f i r s t  commuting of  employees t o  work and t h e n  de l ayed  
mig r a t i on .  However, t h e s e  a s p e c t s  have n o t  been c o n s i d e r e d  c ru -  
c i a l  t o  t h e  model and can  be improved i n  l a t e r  v e r s i o n s .  
The o c c u p a t  i o n a l - e m p l o y m e n t  ,nechanism i s  a l s o  ex t r eme ly  
s imp le ,  s i n c e  t h e  purpose  o f  t h e  model i s  t o  r e p r e s e n t  t h e  dyna- 
s i c  changes  r e s u l t i n g  from t h e  development o f  s e r v i c e s ,  r a t h e r  
t h a n  from t h e  development o f  i n d u s t r y  and a g r i c u l t u r e .  I t  i s  
assumed t h a t  t h e  o p p o r t u n i t y  of  employment ( i n  s e r v i c e s ,  
i n d u s t r y ,  o r  i n t e n s i v e  a g r i c u l t u r e )  a t t r a c t s  peop le  from t h e  
employment poo l  E O o f  t h e  e n t i r e  network:  T f t  
where * 6: a r e  t h e  pa ramete r s  o f  t h e  model,  c o n s t a n t  i n  t i m e  
b u t  s p e c i f i e d  i ndependen t l y  f o r  e ach  occupa t i on  and each  loca -  
v v 
t i o n .  By s e t t i n g  6x = 0 o r  cSx # 0 ,  w e  can  d e f i n e  a t  which 
locations there is a development of intensive agriculture and/or 
industry. For example, three variants of the distribution of 
v 6, have been assumed in the simulations: 
Variant I : 
Industry 0.005, x ' =  2, 12, 15, 23, 26, 34 
' 6: = 0, otherwise 
0.002, x = 9, 10, 12, 15, 16, 21, 22, 23,26,27,25 Agriculture : 62 = ( 
, . otheruise X 
Variant 11: 
Industry 0.0005, x = 2, 12, 15, 23, 26, 34 otherwise 
Agriculture : 62 = { 0.0002, x = 9, 10, 12, 15, 16, 21,22, 23,25,27,28 
x 0 I otherwise 
Variant 111: 
Industry : (1 x = (0.005, X = 2, 1 1 .  14. 23, 26, 35 0, otherwise 
0, x = 2, 11, 14, 23, 26, 35 Agriculture : d2 = { 002 , orhemire 
X 
Clearly, many other more realistic occupational-employment mecha- 
nisms could be assumed, but such assumptions have not been con- 
sidered crucial to the model. 
The essential parts of the model are the service-generation 
and service-employment mechanisms. It has been assumed that ser- 
vices are introduced in the network at starting times tUo. These 
times are parameters of the model, which have been specified in 
the simulations as follows: 
tUo = 0, 5, 10, 15, 20 , for u = 1, 2, 3, 4, 5 
(15) 
(tuo = 5(u - 1)) . 
It has also been assurL1ed that E~ = 0 i'or t < tUo, for all 
x.t 
u locations x. At time tUo, ern~loyxent E is randori-ly senerated 
X* tUO 
t o  be e i t h e r  E ~ O  o r  0 ,  where ( * )  "oUO r e p r e s e n t s  t h e  minimal 
employment i n  s e r v i c e  u  above which t h e  i n t r o d u c t i o n  of t h e  s e r -  
v i c e  i s  e f f i c i e n t .  I t  i s  a  parameter of t h e  model, independent 
of l o c a t i o n  and t ime ,  but  dependent on t h e  s e r v i c e  t ype .  I n  t h e  
s imu la t ions  it has  been assumed tha t :  
The random r u l e  of g e n e r a t i n g  t h e  s e r v i c e  a t  t i m e  tuo i s  de f ined  
by t h e  p r o b a b i l i t i e s :  
where 
* , = an unmodified p r o b a b i l i t y  of s e r v i c e  gen- 
e r a t i o n ;  t h i s  is  a  parameter of t h e  model 
( q l  = 0.1667, f o r  a l l  x , u ,  ha s  been used 
i n  t h e  s imu la t ions )  ; 
( * )  N = t h e  number of s e t t l e m e n t s  i n  t h e  network; 
( * )  y = a serv ice-agglomera t ion  parameter  ( t h e  
e x i s t e n c e  of a l r e a d y  in t roduced  s e r v i c e s ,  
Rx, t > 0 ,  might s t r o n g l y  i n f l u e n c e  t h e  
p r o b a b i l i t y  of i n t roduc ing  a  new s e r v i c e ;  
y = 100 o r  y = 0  has  been used i n  t h e  
s i m u l a t i o n s )  . 
Thus, t h e  p r o b a b i l i t y  of i n t roduc ing  a  new s e r v i c e  has  an 
average l e v e l  of b u t  i s  modified and i n c r e a s e d  depending on 
t h e  r e l a t i v e  popula t ion  of t h e  s e t t l e m e n t  and,  more s t r o n g l y  
s o ,  depending on t h e  r e l a t i v e  employment i n  a l r eady  in t roduced  
s e r v i c e s .  
The random r u l e  f o r  gene ra t ing  a  s e r v i c e  i s  a l s o  r epea t ed  
a t  time t > tUoI bu t  i n  a  modified sense:  
where 
Here, ( * )  Q 2  i s  ano the r  unmodified p r o b a b i l i t y  of  s e r v i c e  gener-  
a t i o n ,  a  c o n s t a n t  parameter  of  t h e  model. However, Q 2  # can be 
assumed and,  o p e r a t i o n a l l y ,  Q2 > >  1 can a l s o  be used (wi th  t h e  
u  i n t e r p r e t a t i o n  t h a t  pC (Ex ,  t 3 EUO) = 1, f o r  a l l  x , i f  Q 2  > >  1 ;  two 
v a r i a n t s  Q 2  = 0.1667 and Q2 = 1000  have been used i n  t h e  s i m u l a t i o n s ) .  
u  The p r o b a b i l i t y  pC ( E x ,  3 EUO) does n o t  mean, however, t h a t  
s e r v i c e  u  w i l l  be in t roduced  a t  l o c a t i o n  x  and t ime t a t  l e v e l  
EUO, a f t e r  l o c a t i o n  x  has  been randomly s e l e c t e d .  I t  i m p l i e s  
merely t h a t  t h e  i n t r o d u c t i o n  o f  s e r v i c e  u  a t  t h i s  randomly s e l e c t e d  
l o c a t i o n  x  w i l l  be considered i n  accordance wi th  t h e  service-employ- 
ment mechanism and, i f  t h e  demand f o r  t h i s  s e r v i c e  a t  t h i s  l o c a t i o n  
i s  es t ima ted  a s  s a t i s f a c t o r y ,  t h e  s e r v i c e  w i l l  f i n a l l y  be i n t roduced .  
The random s e l e c t i o n  of  l o c a t i o n s  i n  which t h e  i n t r o d u c t i o n  of 
u  
s e r v i c e s  i s  cons ide red  a p p l i e s  on ly  t o  such x  t h a t  = O .  I f  
u  > 0 ,  t h e  service-employment mechanism based on an e s t i m a t i o n  E x , t - l  
of t h e  demand i s  always app l i ed .  
This  p a r t i c u l a r  way of  s e r v i c e  gene ra t ion  has  a  reasonable  
r e a l - l i f e  i n t e r p r e t a t i o n .  The moment t h a t  t h e  need f o r  a  new 
s e r v i c e  i s  perce ived ,  a  s m a l l  number of s e r v i c e  u n i t s  i s  randomly 
in t roduced  wi thout  r e a l l y  e s t i m a t i n g  t h e  demand, b u t  based on ly  
on t h e  b e l i e f  t h a t  t h e r e  i s  s u f f i c i e n t  demand. I n  t h e  nex t  p e r i o d s ,  
however, e x i s t i n g  s e r v i c e  u n i t s  a d j u s t  t h e i r  s i z e  t o  t h e  demand, 
and new s e r v i c e  u n i t s  a r e  i n i t i a t e d  only  a f t e r  e x i s t i n g  demand 
h a s  been e s t i n a t e ~ .  The Zsmand e s t i m a t i o n  and  t h e  c o n s i d e r a t i o n  
o f  w h e t h e r  t o  i n t r o d u c e  new s e r v i c e  u n i t s  c a n  be  made e i t h e r  a t  
a l l  s e t t l e m e n t s  ( h i g h  v a l u e  o f  $ * )  o r  o n l y  a t ' r a n d o m l y  s e l e c t e d  
s e t t l e m e n t s  a t  any  i n s t a n t  o f  t i m e .  Thus ,  a  random d i s t r i b u t i o n  
and  d e l a y  i n  s e r v i c e  g e n e r a t i o n  m i g h t  o c c u r .  However, t h e  d i s t r i -  
b u t i o n  and  d e l a y  a r e  i n f l u e n c e d  by t h e  p o p u l a t i o n  s i z e  a n d  migh t  
depend  h e a v i l y  o n  t h e  e x i s t e n c e  o f  o t h e r  services.  
The s e r v i c e - e m p l o y m e n t  mechanism i s  b a s e d  o n  demand es t i -  
mat ion  a n d  a n  adap t ive -employmen t  mechanism. A l t h o u g h  demand 
e s t i m a t i o n  c o u l d  b e  t r e a t e d  j o i n t l y  f o r  t h e  c a s e s  when EU = 0  
. - X I  t 
and  when EU > 0 ,  t h e s e  c a s e s  have  been  s e p a r a t e d  h e r e  f o r  t h e  
X I  t 
s a k e  o f  c l a r i t y  o f  p r e s e n t a t i o n .  I f  t > tUo and  EU > 0 ,  we 
X I  t 
e s t i m a t e  f i r s t :  
i f  e i t h e r  d  
XY 
> 0  and  d  6 D o  XY 
u  
' 35 O r  E X , t  = 0  
where 
u  
* A x y , t  = t h e  a t t r a c t i v e n e s s  o f  s e r v i c e  u  a t  l o c a t i o n  
x f o r  p o s s i b l e  c u s t o m e r s  f rom l o c a t i o n  y ;  
( * )  X i U  = a  c o e f f i c i e n t  o f  s e r v i c e  a g g l o m e r a t i o n  
a t t r a c t i v e n e s s  ( t h e  e x i s t e n c e  o f  o t h e r  
s e r v i c e s  h e l p s  t o  a t t r a c t  c u s t o m e r s  a l s o  
t o  t h e  s e r v i c e  b e i n g  c o n s i d e r e d ;  h U U  a r e  
p a r a m e t e r s  o f  t h e  model and  two c a s e s ,  
e i t h e r  a l l  liU = 0  o r  l I U  = 0 .2 ,  l 2 u  = 0 . 1 ,  
3u = 0 . 0 6 7 ,  Xqu = 0 . 6 5 ,  h S u  = 0 .04  h a v e  
b e e n  u s e d  i n  t h e  s i m u l a t i o n s ) ;  
i*) c = t h e  power c o e f f i c i e n t s  o f  t h e  i n f l u e n c e  o f  
t h e  d i s t a n c e  d  on  t h e  a t t r a c t i v e n e s s ;  t h i s  
xy 
i s  a  p a r a m e t e r  o f  t h e  model (a = 2  o r  a = 1 
h a v e  been  u s e d  i n  t h e  s i m u l a t i o n s )  ; 
( * )  dxx # 0 = a  pa ramete r  of  t h e  model ( t h e  a v e r a g e  
d i s t a n c e  t h a t  cus tomers  have t o  t r a v e l  
t o  o b t a i n  s e r v i c e s  i n  t h e i r  own s e t t l e -  
ment;  dxx = 0 . 4  km has  been used i n  t h e  
s i m u l a t i o n s )  ; 
( * )  D 0 = t h e  maximal d i s t a n c e  t h a t  consumers would 
t r a v e l  t o  o b t a i n  a  s e r v i c e  ( two c a s e s ,  
Do = 5 km and Do = 100 km have been used  
i n  t h e  s i m u l a t i o n s ) .  Hence, t h e  se t  
X D O ,  x  = {y€x:dxy s D 0  1 can be i n t e r p r e t e d  
a s  t h e  se t  of  s e t t l e m e n t s  i n f l u e n c e d  by 
t h e  s e r v i c e  l o c a t e d  a t  x ,  t h e  a t t r a c t i o n  
r e g i o n  of  t h i s  s e r v i c e .  
Then, t h e  r e l a t i v e  a t t r a c t i v e n e s s  c o e f f i c i e n t  
i s  de te rmined ,  where x  d e n o t e s  a l t e r n a t i v e  l o c a t i o n s  o f  s e r v i c e s  
( i n c l u d i n g  x ) .  The c o e f f i c i e n t s  q U  e s t i m a t e  t h e  r e s u l t s  of  
x y t t  
c o m p e t i t i o n  f o r  cus tomers  o f  s e r v i c e s  between s e r v i c e  l o c a t i o n  
u  x  and o t h e r  l o c a t i o n s .  'I can be i n t e r p r e t e d  a s  t h e  propor-  
x y t t  
t i o n  of  cus tomers  from s e t t l e m e n t  y  t h a t  would t r a v e l  t o  l o c a -  
t i o n  x  f o r  s e r v i c e  u. It is  assumed t h a t  ( * )  qU i s  t h e  
c o e f f i c i e n t  of  demand f o r  s e r v i c e  u ,  measured by t h e  number of  
employees i n  u  p e r  c a p i t a  o f  t h e  p o p u l a t i o n ,  where two v a r i a n t s :  
V a r i a n t  I: 
V a r i a n t  11: 
3 q 1  = 0.002.  q 2  = 0.0035, q = 0.006,  
q4 = 0.0085,  q5 = 0.010 
have a c t u a l l y  been used  i n  t h e  s i m u l a t i o n s .  Then, t h e  demand f o r  
s e r v i c e  u  a t  l o c a t i o n  x  can  be e s t i m a t e d  by: 
I f  a small maximal d i s t a n c e  Do h a s  been assumed, t h e n  t h i s  
estimate i s ,  i n  a s e n s e ,  c o n s e r v a t i v e  ( s l i g h t l y  smaller t h a n  
it c o u l d  b e ) ,  s i n c e  i n  r e a l i t y  cus tomers  would t r a v e l  a con- 
s i d e r a b l e  d i s t a n c e  t o  o b t a i n  c e r t a i n  t y p e s  of  s e r v i c e s .  On t h e  
o t h e r  hand,  t h i s  e s t i m a t e  i s  c o n s e r v a t i v e  o n l y  i f  it i s  assumed 
t h a t  t h e  e x i s t i n g  l e v e l s  of  s e r v i c e s  a t  o t h e r  l o c a t i o n s  a r e  n o t  
i n c r e a s e d .  On t h e  whole ,  t h i s  estimate might  b e  f a r  t o o  
o p t i m i s t i c .  
I f  t > tUo b u t  EU = 0 and t h e  l o c a t i o n  x w a s  s e l e c t e d  i n  
x , t  
random g e n e r a t i o n  p r o c e d u r e s ,  t h e  c o m p u t a ~ i o n s  are r e p e a t e d  as 
i n  ( 2 1 ) ,  ( 2 2 ) ,  ( 2 3 )  under  t h e  h y p o t h e s i s  t h a t  s e r v i c e  u i s  i n t r o -  
duced a t  l o c a t i o n  x and a t  t h e  minimal l e v e l  EUO,  w h i l e  i n  o t h e r  
l o c a t i o n s  t h e  l e v e l s  o f  s e r v i c e  u remain unchanged. Thus, t h e  
- 
h y p o t h e t i c a l  demand u U  i s  de te rmined  by: 
x , t  
- 
u .  - u-u 
I P Y I t q  rlxy.t D x , t  E x  
A f t e r  t h e  e s t i m a t e  DU o r  t h e  h y p o t h e t i c a l  estimate D U  have 
x , t  x , t  
been d e t e r m i n e d ,  t h e  n e x t  p e r i o d  o f  employment i n  s e r v i c e  u a t  
l o c a t i o n  x i s  computed by an  a d a p t i v e  employment mechanism. The 
'- u 
e s t i m a t e d  employment i n c r e a s e  A r e s u l t s  from: 
x , t  
However, it i s  known t h a t  t h e  e s t i m a t e s  DU 
x , t  
o r  D~ 
x , t  
may be t o o  o p t i m i s t i c ,  because  o t h e r  l o c a t i o n s  might  a l s o  
i n c r e a s e  t h e i r  s e r v i c e  l e v e l s .  T h e r e f o r e ,  t h e  employment 
A 
u 
e s t i m a t e  Ex, t+ l  i s  a d a p t e d  by u s i n g  o n l y  a p a r t  a o f  t h e  i n -  
h 
c r e a s e  A U  (where a i s  a pa ramete r  o f  t h e  model and e x p r e s s e s  
x , t  
t h e  c o n s e r v a t i v e n e s s  o f  employment p o l i c y ;  a = 0 . 5  and a = 1.0 
have  been used i n  t h e  s i m u l a t i o n s )  : 
A 
u The e s t i m a t e  E x , t + l  c o u l d  be used d i r e c t l y  t o  de te rmine  f u t u r e  
. - 
- employment (which would r e s u l t  i n  t h e  s i m p l e  r e l a t i o n  A U  - 
A X I  t 
a a u  . However, it h a s  been assumed t h a t  i t  i s  n o t  r e a s o n a b l e  
X I  t 
t o  i n t r o d u c e  a s e r v i c e  i n t o  a  s e t t l e m e n t  whose employment l e v e l  
i s  below EUO.  S i m i l a r l y ,  it i s  assumed t h a t  it is  n o t  r e a s o n a b l e  
UO 
t o  r e t a i n  a  s e r v i c e  i f  employment d e c r e a s e s  below b E  , b be ing  
a pa ramete r  o f  c l o s i n g  down t h e  s e r v i c e  ( b  = 0.5  h a s  been used 
i n  t h e  s i m u l a t i o n s ) .  
Thus: 
^u  0 and Ex, t + l  
u 
= 0 and E x , t + l  
^ u 
= 0 and Ex.  t + l  
u  Then, C x I t  i s  o n l y  d e f i n e d  by t h e  i d e n t i t y :  
which i s  n o t  used  i n  a c t u a l  s i m u l a t i o n s ,  because  (29)  can be used 
u  i n s t e a d  o f  (10)  i n  o r d e r  t o  de te rmine  Ex,  t + l .  
The q u e s t i o n  o f  t h e  s t a b i l i t y  o f  t h i s  s i m u l a t i o n  model and 
of  i t s  s t e a d y - s t a t e  s o l u t i o n s  i s  r a t h e r  compl ica ted  and w i l l  be 
t r e a t e d  h e r e  o n l y  a p p r o x i m a t e l y .  I f  a  l i n e a r  a d a p t i v e  employment 
h 
u  u  
mechanism, s a y  E x , t + l  = E x , t + l  , w e r e  used  i n s t e a d  of  t h e  n o n l i n e a r  
s w i t c h  c h a r a c t e r i s t i c s  ( 2 9 ) ,  t h e n  t h e  s t e a d y - s t a t e  s o l u t i o n s  
u  
- u  - u  
E X ,  t + 1  would imply ,  f i r s t ,  D x I t  - E x , t  - E x , t  by v i r t u e  o f  ( 2 7 )  - -  
and,  second,  a  r a t h e r  p r e c i s e  e s t i m a t i o n  of  demand D~ r e s u l t i n g  
. . x , t  
from &he c o n s t a n c y  o f  E U  f o r  a l l  x ,  u ,  t. Such a  s o l u t i o n ,  
X I  t 
c h a r a c t e r i z e d  by a  n e a r  e q u i l i b r i u m  o f  s u p p l y  and demand f o r  
s e r v i c e s ,  i s  a t t a i n a b l e  o n l y  w i t h o u t  random i n f l u e n c e s  and o n l y  
v  i f  r = 0 and 6 x  = 0 ,  t h a t  i s ,  w i t h o u t  any p o p u l a t i o n  growth o r  
i n d u s t r i a l  and i n t e n s i v e  a g r i c u l t u r a l  development .  The s t a b i l i t y  
o f  such a  s o l u t i o n  can  a l s o  be ana lyzed .  I n  such a  v e r s i o n  t h e  
model would be s t a b l e  f o r  s u f f i c i e n t l y  s m a l l  c o e f f i c i e n t s  a  and 
would p r o b a b l y  remain s t a b l e  f o r  a  2. T h i s  r e s u l t s  from t h e  
f o l l o w i n g  r e a s o n i n g :  t h e  d i f f e r e n c e  between t h e  demand and s u p p l y  
DU - u  Ex, t depends mainly  on t h e  supp ly  EU a t  t h e  same l o c a t i o n ,  X I  t x , t  
s i n c e  t h e  i n e q u a l i t y  dxx 4 0 .  l d  f o r  a l l  o t h e r  y  i m p l i e s  t h a t  t h e  
XY 
i n f l u e n c e  o f  t h e  s u p p l i e s  EU a t  y  # x  f o r  e a c h  y  on t h e  demand 
DU 
Y lt 
i s  r a t h e r  s m a l l .  Thus, t h e  s t a b i l i t y  o f  t h e  model can  be  
X I  t 
a n a l y z e d  approx imate ly  a s  t h e  s t a b i l i t y  o f  independen t  e q u a t i o n s  
u  u  
= ( 1  - a ) E x l t  2 ~ :  , t Ex, t + l  + a ~ : , ~ .  I f  t h e  p a r t i a l  d e r i v a t i v e s  
2Ex,  t 
are c l o s e  t o  z e r o ,  t h e n  t h e s e  e q u a t i o n s  are s t a b l e  f o r  0 2 a  5 2.  
A s  l o n g  a s  t h o s e  p a r t i a l  d e r i v a t i v e s  a r e  p o s i t i v e  and do n o t  
exceed 1  (which c a n  be conc luded  c l o s e  t o  t h e  e q u i l i b r i u m  s o l u t i o n ) ,  
t h e  s t a b i l i t y  o f  t h e s e  e q u a t i o n s  i s  o n l y  improved. However, w i t h  
t h e  n o n l i n e a r  s w i t c h  c h a r a c t e r i s t i c s  (29)  and f o r  a  model w i t h  r a n -  
dom i n f l u e n c e s ,  p o p u l a t i o n  growth,  a s  w e l l  as i n d u s t r i a l  and i n t e n s i v e  
a g r i c u l t u r a l  development ,  t h e  q u e s t i o n s  of s t a b i l i t y  and o f  a 
q u a s i - e q u i l i b r i u m  s o l u t i o n  o f  t h e  model a r e  much more c o m p l i c a t e d .  
I t  can  o n l y  be ex?ected  t h a t  t h e  model remains  s t a b l e  f o r  
s u f f i c i e n t l y  s m a l l  a and f o r  b t h a t  a r e  n o t  t o o  c l o s e  t o  1 .  An 
approximate  s t a b i l i t y  a n a l y s i s  o f  t h e  model w i t h  t h e  s w i t c h  charac -  
t e r i s t i c s  (23)  r e s u l t s  i n  t h e  s t a b i l i t y  c o n d i t i o n  0 &, a 5 ( 1 - 3 )  , 
a l t h o u g h  when b +.l and a < 2 ,  t h e  ampl i tude  o f  t h e  o s c i l l a t i o n s  
d e c r e a s e s .  These e x p e c t a t i o n s  have a c t u a l l y  been conf i rmed  by 
s i m u l a t i o n  r u n s ,  i n  which t h e  model e x h i b i t e d  s t r o n g  o s c i l l a t o r y  
behav io r  f o r  b =  0 . 5 ,  a = 1 ,  w h i l e  f o r  b =  0 . 5 ,  a = 0.5  it 
remained s t a b l e .  N a t u r a l l y ,  t h e  q u a s i - s t e a d y - s t a t e  s o l u t i o n s  
o f  t h e  model can  c o r r e s p o n d  t o  somewhat l a r g e r  d i s e q u i l i b r i a  
between s u p p l y  and demand f o r  s e r v i c e s  because  of t h e  s w i t c h  
c h a r a c t e r i s t i c s  (29)  . 
SIMULATION RESULTS 
The above model h a s  been used  t o  s i m u l a t e  t h e  development  o f  
a r u r a l  s e t t l e m e n t  p a t t e r n .  Changes o v e r  t i m e  i n  t h e  f o l l o w i n g  
c h a r a c t e r i s t i c s  o f  t h e  p a t t e r n  were o b s e r v e d :  t h e  number and s i z e  
of  s e r v i c e  c e n t e r s ,  t h e  s p a t i a l  c o i n c i d e n c e  o f  s e r v i c e s ,  t h e  
s p a t i a l  d i s t r i b u t i o n  o f  t h e  p o p u l a t i o n ,  and t h e  s t a t i o n a r i t y  o f  
t h e  compos i t ion  o f  s e r v i c e  c e n t e r s .  
The f i r s t  change w a s  measured by t h e  a v e r a g e  number o f  
s e r v i c e s .  The second change was measured by t h e  p r o p o r t i o n  of 
c e n t e r s  hav ing  a c o i n c i d e n t  c l u s t e r  o f  s e r v i c e s  t o  t h e  t o t a l  
number o f  c e n t e r s  ( o n l y  c e n t e r s  h a v i n g  a t  l e a s t  t h r e e  c o i n c i d e n t  
s e r v i c e s  w e r e  t a k e n  i n t o  a c c o u n t ) .  The t h i r d  change was measured 
by t h e  c o e f f i c i e n t  o f  l o c a t i o n .  F i n a l l y ,  t h e  s t a t i o n a r i t y  of  t h e  
compos i t ion  o f  s e r v i c e  c e n t e r s  was i d e n t i f i e d  by t h e  ear l i es t  d a t e  
a t  which t h e  compos i t ion  c e a s e d  t o  change.  
Seven s e t t l e m e n t  p a t t e r n s  were s i m u l a t e d ,  each  c a s e  b e i n g  
d e f i n e d  by t h e  p a r a m e t e r s  g i v e n  i n  Tab le  1 .  The r e s u l t s  o f  t h e  
s i m u l a t i o n  f o r  t h e  seven c a s e s  a r e  g iven  i n  Tab le  2 .  
S e v e r a l  g e n e r a l  conc11:sions can  be  drawn from a g l a n c e  a t  
Table  2 .  A s  development advances ,  t h e  number o f  s e r v i c e  c e n t e r s  
d e c r e a s e s  b u t  t h e i r  s i z e  i n c r e a s e s .  T h i s  i m p l i e s  t h a t  development 
is  accompanied by c o n c e n t r a t i o n .  The r e l a t i o n  between t h e  number 
Table 1 .  The parameters  d e f i n i n g  t h e  seven s e t t l e m e n t  p a t t e r n s  
t o  be s imula ted .  
SETTLEMENT P A R A M E T E R S  
PATTERNS Y Du r a 9* 6** 
* I  and I1 denote the  f i r s t  and second v a r i a n t s  of t h e  aemand/employment 
r a t i o  q. 
**I and I1 denote t h e  f i r s t  and second v a r i a n t s  of t h e  c o e f f i c i e n t  6 'de te r -  
mining employment i n  in tens ive  a g r i c u l t u r e  and indus t ry .  
and s i z e  of c e n t e r s  i n  t h e  s imula ted  p a t t e r n  i s  s i m i l a r  t o  t h a t  
i n  C h r i s t a l l e r ' s  model on ly  a t  an e a r l y  s t a g e  of development. I n  
l a t e r  s t a g e s ,  l a r g e r  c e n t e r s  a r e  more numerous than  sma l l e r  ones ,  
which imp l i e s  t h a t  t h e  tendency i n  t h e  s imula ted  p a t t e r n  d e v i a t e s  
from t h a t  i n  C h r i s t a l l e r ' s  model. It i s ,  however, c o n s i s t e n t  
wi th  t h e  i dea  of t h e  development of  key v i l l a g e s  and t h e  decay 
of smal l  s e r v i c e  c e n t e r s .  The tendency a l s o  l e a d s  t o  t h e  forma- 
t i o n  of a  new h i e r a r c h i c a l  p a t t e r n  c h a r a c t e r i z e d  by t h e  e x i s t e n c e  
of s e v e r a l  c e n t e r s  on t h e  h i g h e s t  l e v e l  i n s t e a d  of  one c e n t e r  
on ly  (F igu res  2 ,  3 ,  and 4 ) .  
The co inc idence  of s e r v i c e s  i s  p o s i t i v e l y  c o r r e l a t e d  wi th  
t h e i r  concen t r a t i on .  The h ighe r  t h e i r  c o n c e n t r a t i o n ,  t h e  h igher  
i s  t h e i r  co inc idence  (F igu res  5 and 6 ) .  
Table 2 .  The r e s u l t s  of t h e  s imu la t ion  f o r  t h e  seven s e t t l e m e n t  
p a t t e r n s .  
S p a t i a l  S t a t i o n -  
co inc i -  S p a t i a l  a r i t y  
Number SETTLEMENT of S i z e  dence d i s t r i -  o f  comP0- 
of o f  b u t i o n  of s i t i o n  
PATTERNS c e n t e r s  c e n t e r s  s e r v i c e s  popu la t ion  of c e n t e r s  
@ c e n t e r s  w i t h  5 s e r v i c e s  
a c e n t e r s  w i t h  4 s e r v i c e s  
0 c e n t e r s  w i t h  3 s e r v i c e s  
0 c e n t e r s  w i t h  2 s e r v i c e s  
0 c e n t e r s  w i t h  1 s e r v i c e  
v i l l a g e s  w i t h o u t  s e r v i c e s  
F i g u r e  2 .  The s i z e s  of s e r v i c e  c e n t e r s :  c a s e  1 .  
@ centers with 5 services 
@ centers with 4 services 
0 centers with 3 services 
centers w i t h  2 services 
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. vi l lages  without services 
Figure 3 .  The s izes  of service centers: case 3 .  
@ centers with 5 services 
@ centers with 4 services 
d centers with 3 services 
@ centers with 2 services 
0 centers with 1 service 
vi l lages  without services 
Figure 4 .  The s izes  of service centers: case 5 .  
c e n t e r s  wi th  5 s e r v i c e s ,  4 of which co inc ide  
wi th  t h e  s e r v i c e s  on t h e  lower l e v e l  
c e n t e r s  wi th  4 s e r v i c e s ,  3 of which co inc ide  
wi th  t h e  s e r v i c e s  on t h e  lower l e v e l  
c e n t e r s  wi th  3 s e r v i c e s ,  2 of which co inc ide  
wi th  t h e  s e r v i c e s  on t h e  lower l e v e l  
c e n t e r s  wi th  2 s e r v i c e s ,  1 of  which co inc ides  
wi th  t h e  s e r v i c e s  on t h e  lower l e v e l  
0 o t h e r  c e n t e r s  
Figure  5 .  The s p a t i a l  co inc idence  of  s e r v i c e s :  ca se  1. 
c e n t e r s  w i t h  5 s e r v i c e s ,  
w i t h  t h e  s e r v i c e s  on t h e  
69 c e n t e r s  w i t h  4 s e r v i c e s ,  w i t h  t h e  s e r v i c e s  on t h e  
c e n t e r s  w i t h  3 s e r v i c e s ,  
w i t h  t h e  s e r v i c e s  on t h e  
c e n t e r s  w i t h  2 s e r v i c e s ,  
w i t h  t h e  services on t h e  
4 o f  which c o i n c i d e  
lower  l e v e l  
3 of  which c o i n c i d e  
lower  l e v e l  
2 o f  which c o i n c i d e  
lower l e v e l  
1 o f  which c o i n c i d e s  
lower  l e v e l  
F i g u r e  6 .  The s p a t i a l  c o i n c i d e n c e  o f  s e r v i c e s :  c a s e  5 .  
The s p a t i a l  d i s t r i b u t i o n  of t h e  popula t ion  measured by t h e  
c o e f f i c i e n t  of  l o c a t i o n  tu rned  o u t  t o  be t h e  same i n  s i x  c a s e s  
f o r  t = 50 (F igu res  7 and 8 )  . This  r e s u l t  sugges t s  t h a t  ou r  s e t -  
t lement  system e x h i b i t s  a  t ype  of s t e a d y - s t a t e  c h a r a c t e r i s t i c .  
I n  f o u r  o u t  of seven c a s e s  t h e  composit ion of  s e r v i c e  c e n t e r s  
does n o t  change with  t ime by t h e  end of development pe r iod .  In  
two f u r t h e r  c a s e s  t h e  changes a r e  very s m a l l .  Hence, i t  can be 
s t a t e d  t h a t  t h e  composit ion of s e r v i c e  c e n t e r s  approaches a  
s t a t i o n a r y  s t a t e .  
L e t  us  now look a t  changes i n  t h e  s e t t l e m e n t - p a t t e r n  charac-  
t e r i s t i c s  r e s u l t i n g  from changes i n  p a r t i c u l a r  parameters  i n  con- 
s e c u t i v e  s imula t ions .  
Parameter Y w a s  used i n  a  random s e l e c t i o n  of  l o c a t i o n s  i n  
which t h e  i n t r o d u c t i o n  of  s e r v i c e s  was cons idered .  Two parameter 
va lues  were assumed: Y 2  = 0.1667 and Y 2  = 1000. Y 2  = 1000 deno- 
t e s  t h e  p r o b a b i l i t y  of s e r v i c e  gene ra t ion  equa l  t o  1 ,  which means 
t h a t  each l o c a t i o n  x  i s  cons idered  a s  a c e n t e r  f o r  s e r v i c e  u ,  
Y 2  = 0 . 1 6 6 7  means t h a t  on ly  one-s ix th  of l o c a t i o n s  i s  cons idered .  
The assumption Y 2  = 1000, i n  comparison wi th  Y 2  = 0.1667, 
r e s u l t e d  i n  a  l a r g e r  number and s i z e  of c e n t e r s .  The growth 
pa th  showed a  g r e a t e r  d e v i a t i o n ,  manifes ted by a  l a r g e r  number 
of opening and c l o s i n g s  of s e r v i c e s  en r o u t e  t o  t h e  f i n a l  s t a t e .  
Tne lowering of t h e  p r o b a b i l i t y  of s e r v i c e  gene ra t ion  appeared 
t o  be  a  l i m i t i n g  f a c t o r  i n  t h e  development p roces s .  
Parameter a was used t o  measure t h e  i n f l u e n c e  of d i s t a n c e  
on t h e  a t t r a c t i v e n e s s  of s e r v i c e  c e n t e r s .  I n  ca se  5 i t s  va lue  
was lowered from 2 t o  1 .  The e f f e c t  on t h e  s e t t l e m e n t  p a t t e r n  
was marked. The number of s e r v i c e  c e n t e r s  decreased  cons ide rab ly .  
~t t = 50 only seven c e n t e r s  remained. These were mostly l a r g e  
c e n t e r s .  Small c e n t e r s  were pushed o u t  a lmost  e n t i r e l y .  such 
a r e s u l t  i s  t o  be expected.  The weakening of t h e  f r i c t i o n  of 
space a l lows long d i s t a n c e  t r i p s  t o  be made i n  s ea rch ing  f o r  
a t t r a c t i v e  s e r v i c e  c e n t e r s .  Usual ly ,  l a r g e  c e n t e r s  a r e  more 
a t t r a c t i v e ,  whereas sma l l  c e n t e r s  l o s e  customers and d e c l i n e .  
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Figure 7. Changes in the spatial distribution of the population: 
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Figure 8. Changes in the spatial distribution of the population: 
case 7. 
The change i n  t h e  v a l u e  o f  pa ramete r  Do, d e n o t i n g  maximal 
d i s t a n c e  t h a t  cus tomers  a r e  p repared  t o  t r a v e l  t o  o b t a i n  s e r v i c e s ,  
caused a  s i m i l a r  e f f e c t .  A f t e r  i t s  v a l u e  was i n c r e a s e d  from 5 t o  
100  km, t h e  range  o f  t r i p s  a l s o  i n c r e a s e d .  T h i s  improved t h e  
p o s i t i o n  o f  l a r g e  c e n t e r s  and worsened t h e  s i t u a t i o n  f o r  sma l l  
c e n t e r s .  
The e x i s t e n c e  o f  s e r v i c e s  i n t r o d u c e d  e a r l i e r ,  exp re s sed  by 
parameter  y,  d i d  n o t  i n f l u e n c e  t h e  s i m u l a t i o n  r e s u l t s  i n  a n  
e x p l i c i t  way. Th i s  c a n  be  exp l a ined  by t h e  f a c t  t h a t  y  i n f l u e n -  
ces o n l y  t h e  s e l e c t i o n  of  t h e  l o c a t i o n s  f o r  s e r v i c e s  and n o t  t h e  
growth p a t h  of  e s t a b l i s h e d  s e r v i c e  c e n t e r s .  
A s t r o n g  agg lomera t ion  e f f e c t  i n  t h e  p r o c e s s  o f  growth 
showed i n s t e a d  t h e  e x i s t e n c e  o f  i n d u s t r y  and i n t e n s i v e  a g r i c u l -  
t u r e .  I t  i n f l u e n c e d  t h e  c o n c e n t r a t i o n  o f  s e r v i c e s ,  t h e i r  co in -  
c i d e n c e ,  a s  w e l l  a s  t h e  s p a t i a l  d i s t r i b u t i o n  o f  p o p u l a t i o n .  The 
l e v e l i n g  down of employment i n  i n d u s t r y  and i n t e n s i v e  a g r i c u l -  
t u r e  made t h e  s e t t l e m e n t  p a t t e r n  more d i s p e r s e d .  
The change i n  t h e  v a l u e  o f  pa ramete r  q, which d e n o t e s  t h e  
demand f o r  s e r v i c e s ,  e x e r t e d  a n  i n f l u e n c e  o n l y  o n  t h e  number o f  
c e n t e r s ,  whereas t h e  d e g r e e  o f  c o n c e n t r a t i o n  and c o i n c i d e n c e  a s  
w e l l  a s  t h e  s p a t i a l  d i s t r i b u t i o n  o f  p o p u l a t i o n  d i d  n o t  show any 
r e a c t i o n .  The d e c r e a s e  i n  demand a l s o  r e s u l t e d  i n  a  d e c r e a s e  
i n  t h e  number o f  c e n t e r s  needed t o  s e r v e  t h e  p o p u l a t i o n .  
CONCLUSIONS 
The model g en e r a t ed  a  p l a u s i b l e  p i c t u r e  o f  a  r e s t r u c t u r e d  
network o f  s e t t l e m e n t s  i n  a  r u r a l  a r e a .  The network o f  key v i l -  
l a g e s  o b t a i n e d  from t h e  model may s e r v e  a s  a  b a s i s  f o r  set t le-  
ment p lann ing  i n  r u r a l  a r e a s .  
The assumpt ions  o f  t h e  model stress a  d e c e n t r a l i z e d  s e l f -  
g e n e r a t i n g  p r o c e s s  o f  s e r v i c e  development.  I n  o r d e r  t o  emphasize 
t h e  p lanned i n t r o d u c t i o n  o f  s e r v i c e s  and t h e i r  i n f l u e n c e  on 
s e t t l e m e n t  p a t t e r n s ,  a p p r o p r i a t e  m o d i f i c a t i o n s  would have t o  be  
i n t r o d u c e d  i n t o  t h e  model. However, i n  p r i n c i p l e ,  such modi f i ca -  
t i o n s  a r e  p o s s i b l e .  
The model proved to be sensitive to all defining parameters 
and can be used to obtain a set of projections under various as- 
sumptions about economic activities and population. Thus, 
various settlement policies for rural areas can be tested. 
REFERENCES 
Allen, P.M. and M. Sanglier. 1979. A dynamic model of growth 
in a central place system. Geographical Analysis ll(3): 
256-272. 
Domanski, R. 1980. Rural Settlement Patterns. WP-80-128. 
Laxenburg, Austria: International Institute for Applied 
Systems Analysis. 
Nicolis, G. and I. Prigogine. 1977. Self-organization in 
Nonequilibrium Systems. New York: Wiley. 
